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SECTION 1 

INTRODUCTION 

During the past  quarter,  work has continued on various phases of our  

Planetary Meteorology research. 

surface and atmospheric temperatures as functions of season and l a t i t u d e  

a r e  presented and discussed i n  Section 11, The Seasonal Climatology of 

Mars. 

model i n  which it  is assumed t h a t  the surface and atmosphere are both i n  

radiative equilibrium a t  any t i m e  and location. 

Report w i l l  be prepared on t h i s  work. 

The r e su l t s  of calculat ions of the average 

The computed temperatures are based upon a rad ia t ive  equilibrium 

A contract  Technical 

The two-level c i rcu la t ion  model described i n  Quarter ly  Report  No. 2 

is used t o  re-compute the mean zonal and meridional ve loc i t i e s ,  and pole- 

to-equator temperature difference on Mars. 

upon a surface pressure of 5 mb is used as opposed t o  the 25 mb surface 

pressure model used i n  the previous computations. The r e s u l t s  of these 

ca lcu la t ions  are discussed i n  Section 111, Atmospheric Circulation on 

Mars. 

An atmospheric model based 

A contract  Technical Report is being prepared on this  work. 

The large-scale eddy diffusion model f o r  the interhemispheric t ransport  

of water vapor on Mars is being used t o  der ive rates of merfdional t ransport  

of water vapor. These r a t e s  are being compared t o  the observed r a t e  of 

1 



meridional movement of the "wave of darkening." 

comparison is to determine if there is an appropriate value of the large- 

scale atmospheric eddy diffusion coefficient that can explain the observed 

speed of propagation of the "wave of darkening." Progress on this  work 

i s  summarized in  Section 111, Interhemispheric Transport of  Water Vapor 

and the Martian Ice Caps. 

The objective of this  
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SECTION 2 

TEE SEASONAL CLIMATOLOGY OF MARS 

2 I 1 INTRODUCTION 

Our study of the seasonal climatology of Mars has been based on two 

s i m p l e  theore t ica l  models which a r e  used t o  determine the  l a t i t u d i n a l  

and seasonal var ia t ion  of surface and mean atmospheric temgeratures. In  

t h i s  sec t ion  of the report ,  we present r e su l t s  of calculat ions,  based on 

the rad ia t ive  equilibrium model. 

2.2 INPUT PARAMETERS AND TETHOD OF CALCULATION 

I n  the  second quarter ly  project  report, i t  was shown t h a t  the temper- 

a tu re  climate on Mars was insens i t ive  to the  choice of atmospheric composi- 

t i o n  and surface pressure. As a resu l t ,  an atmosphere whose surface 

pressure i s  10 mb, consis t ing of 5 mb C02 and 5 mb N2, seemed t o  be a 

reasonable choice f o r  t h i s  study. 

t ab le  microns H20 was a l so  assumed. 

transmission t o  so l a r  rad ia t ion  i s  0.989, or, s t a t i n g  the r e s u l t  i n  

another way, only 1.1 percent of the solar radiat ion i s  absorbed by the 

atmosphere before reaching the surface f o r  normal incidence. 

the amount of s o l a r  rad ia t ion  absorbed w i l l  vary with d i f f e ren t  s l a n t  

paths of the sun's rays through the atmosphere. 

3 

A water vapor amount of 30 precipi- 

For t h i s  atmosphere, the normal beam 

Of course, 



Other input parameters t ha t  are important i n  the calculat ions include 

the e f fec t ive  emissivi t ies  for carbon dioxide and water vapor t o  long- 

wave radiation. 

e f fec t ive  emissivities vary with the absolute temperature of the emitting 

gas, a r e s u l t  which i s  due t o  the changing weighting d i s t r ibu t ion  of the 

Planck function with t e q e r a t u r e .  

Mars, the e f fec t ive  emissivity of the atmosphere va r i e s  d i r e c t l y  a s  the 

temperature. 

It was also shown i n  the l a s t  quar te r ly  report  t ha t  these 

For the range of temperatures found on 

Computed var ia t ions  of e f fec t ive  emissivity with temperature f o r  

carbon dioxide and water vapor, a r e  shown i n  Figure 1. The e f f ec t ive  

emissivity f o r  carbor. dioxi??, E , increases s t ead i ly  with temperature, 

and then reaches a miximum value, corresponding t o  the s h i f t  of the  

Planck function maxima t o  wave numbers i n  the CO absorption band. In  2 

the case of the e f fec t ive  emissivity for water vapor, 

increase and then decrease, corresponding t o  the s h i f t  of the Planck 

the values 

function maxima from wave numbers i n  the ro ta t iona l  band to  higher wave 

numbers between the ro t a t iona l  and 6 . 3 ~  bands, The e f fec t ive  emissivity 

f o r  the atmosphere, 

and E 

atmospheric pressures found on Mars. 

i n  Figure 1, i s  the sum of the curves f o r  eH 
2 

, since there i s  no overlap of the absorption bands f o r  the low 
c02 

A curve s imi la r  t o  the one f o r  holds f o r  the e f fec t ive  absorptiv- 

i t y ,  aa, of the atmosphere t o  long-wave rad ia t ion  from the surface. 

a given temperature i n  Figure 1, aa i s  equal to  ea. 

For 

It must be remembered, 
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however, that (Y 

function of the atmospheric temperature. 

is a function of the surface temperature and ea is a a 

Mormelly aa is not equal to  ea 

for  ii given ca lcu la t ion  of the radiat ive heat budget. 

The calculat ion of atmospheric and surface temperature i s  complicated 

bj t3.e f z z t  t ha t  the ;I';mospiieric absorpt ivi ty  and emissivity a r e  depen- 

dent var iables ,  and aye functions, the~n~elVeS, of the temperatures t o  be 

calculated.  Thus, f o r  example, the algebraic  so lu t ion  t o  determine the 

atmospheric temperature is - not readi ly  apparent fo r  given values of so l a r  

energy input, and cannot be determined from a s ingle  ca lcu la t ion  using 

the  energy balance equations. 

However, an exact solut ion t o  the equations can be found, using the 

method of successive approximations i n  the computer ( t r i a l  and e r ro r  

method). 

absorp t iv i ty  and emissivity a r e  assumed as an approximation t o  the 

exact values. 

puted using the energy balance equations. 

e s t ab l i sh  new values of absorp t iv i ty  and emissivity, which, i n  turn, 

y ie ld  b e t t e r  approximations t o  the equilibrium temperatures, e tc .  This 

i t e r a t i o n  process converges rapidly to  the exact solut ion of the energy 

balance equations. For example, the temperatures a r e  accurate to  

within one degree of the exact solution a f t e r  four  o r  f i v e  i t e r a t ions  

i n  the computer. 

The process of i t e r a t i o n  is as follows: Values of atmospheric 

Then the surface and atmospheric temperatures are com- 

These computed temperatures 
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2.3 SEASONAL CLIMTOLOGY RESULTS 

Calculation of the  l a t i t u d i n a l  d i s t r ibu t ion  of surface and atmospheric 

temperatures nas car r ied  out a t  ten-day in t e rva l s  f o r  the e n t i r e  Martian 

year. 

within a seasonal period. 

ten-day in te rva ls ,  the average input of s o l a r  energy a t  the top of the 

atmosphere and a t  the surface was computed f o r  each season and f o r  the  

annual mean. From these r e s u l t s  i t  is possible t o  compute representative,  

seasonal average surface and atmospheric temperatures a s  well as the mean 

annual temperatures. 

These results give some indication of the var ia t ions of temperatures 

In  addi t ion to the temperature calculat ions a t  

The graphs i n  Figure 2 show the l a t i t ud ina l  var ia t ion  of the average 

da i ly  inso la t ion  on Mars a t  the top of the  atmosphere f o r  the d i f f e ren t  

seasons and f o r  the annual mean. 

represents  one Martian day, 1477 minutes. In  these calculations,  the 

seasons represent time periods of the Martian year which a r e  centered about 

the equinoxes and so ls t ices .  

the cold season, and Spring and F a l l  represent the t r ans i t i ona l  seasons 

between the extremes. Such a divis ion of seasons has more meaning i n  a 

meteorological and climatological sense than the astronomical d iv is ion  of 

the seasons which is taken t o  be the periods between the s o l s t i c e s  and 

equinoxes. 

Units a r e  i n  c a l  cm'2 dayo1 where a day 

Thus, Summer is the  warm season, Winter is 

Curves f o r  the va r i a t ion  of insolat ion a t  the surface of lfars a r e  

similar t o  those shown i n  Figure 2 except t h a t  they a r e  s l i g h t l y  reduced 
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in magnitude. 

the s o l a r  rad ia t ion  is absorbed by the atmosphere before reaching the 

surface. 

On the average f o r  the annual mean, about 2.0 percent of 

L 

This absorption varies with la t i tude,  being about 1.7 percent 

a t  the equator and 3.8 percent a t  the poles. For long s lan t  paths through 

the atmosphere, the absorption of so la r  rad ia t ion  by the atmosphere can 

be a s  much as 13 percent of the incident energy. 

The graphs i n  Figures 3, 4, and 5 summarize the calculated r e s u l t s  of 

the  seasonal climatology on Mars using the r ad ia t ive  equilibrium model. 

The contrast ing seasons of Winter and Summer a r e  compared i n  Figure 3, the 

l a t i t u d i n a l  var ia t ion  of surface and atmospheric temperatures f o r  the Spring 

and F a l l  seasons a r e  shown i n  Figure 4, and the summary of the mean annual 

temperatures is indicated i n  Figure 5. 

Each s e t  of curves f o r  the seasons has a discont inui ty  a t  l a t i t udes  

ranging from 20' t o  60'. 

extension of the polar  i ce  caps and are  based on the dew point temperature 

of the atmosphere a t  the surface. Assuming tha t  the 30 microns of precip- 

i t a b l e  water vapor i n  the atmosphere are evenly mixed, the dew point a t  the 

surface f o r  a 10 mb surface pressure is 202 I<. 

i f  the  computed surface temperature was below 202'K, i t  was assumed tha t  

the i c e  cap had formed and tha t  the albedo of the surface increased from 

31 percent t o  45 percent, the approximate albedo of d i r t y  snow. 

r e s u l t ,  t he  computed values of surface and atmospheric temperatures de- 

crease with the albedo increase,  thus, producing a discont inui ty  i n  the 

temperature prof i les .  

These d iscont inui t ies  represent the equatorward 

0 Thus, i n  the calculat ions,  

As a 

9 
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Some of the s a l i e n t  features  of the seasonal climatology on Tars are 

In  Figure 3, it is  evident from an ana lys i s  of the temperature prof i les .  

evident tha t  the summer poles in both hemispheres have the  highest  average 

I surface temperature, the south pole temperature (248OK) being somewhat 

warmer than the north pole temperature (23OoK). 

temperatures during a summer run about 3OoC colder than the computed surface 

temperatures, and the pole to  equator temperature difference i n  each hemis- 

phere i s  qui te  small during summer, about 12 to  14OC. 

The mean atmospheric 

I n  cont ras t  to  the summer seasons, the winter seasons show a marked 

decrease i n  temperatures a t  l a t i t udes  poleward of the equator. 

i n  Figure 3 indicate  tha t  the difference between the surface and atmos- 

pheric temperatures decreases with increasing l a t i t ude ,  and, a t  l a t i t udes  

g rea t e r  than 5 8 O ,  the mean atmospheric temperature is larger  than the sur-  

face temperature. Such a temperature configuration as  t h i s  suggests a 

The curves 

, 
, strong temperature inversion a t  the surface which i s  indeed the case on 

Two fac tors  contr ibute  to  these Earth a t  high l a t i t udes  during winter. 

warmer atmospheric temperatures a t  high la t i tudes :  

of s o l a r  rad ia t ion  by tk atmosphere r e l a t ive  to  surface absorption because 

of the long s l a n t  path through the atmosphere, and 2) the e f f ec t ive  emis- 

s i v i t y  of 

1 
1) grea ter  absorption 

the atmosphere decrease w i t h  temperature. 

I n  Ffgure 4, the Spring and F a l l  seasons i n  both hemispheres indicate  

similar temperature prof i les .  As i n  the case of the Summer seasons, the 

temperature difference between the surface and atmosphere is about 3OoC 

13 



a t  the equator. 

diminishing t o  about 6.5OC a t  the poles. 

cating Spring i n  the  southern hemisphere and F a l l  i n  the  northern hemisphere 

This difference decreases with increasing la t i tude ,  

The temperature p ro f i l e s  indi- 

L 
a r e  somewhat warmer than the prof i les  f o r  the opposing aeasons, because the  

planet is c loser  t o  the sun a t  t h i s  time. 

The prof i les  i n  Figure 5 indicate  the mean annual temperature climate 

on Mars. Probably the most pronounced feature  of these r e su l t s  is the 

symmetry of temperatures about the equatorial  region, the northern hemis- 

phere being s l i g h t l y  warmer due t o  the greater  amount of Insolat ion 

received there i n  the annual mean. 

a t  the  equator a r e  226.1°K and 196.3'K, respectively,  and decrease to  

about 173.3'K and 16O.S01C a t  the poles. 

Surface and atmospheric temperatures 

The e f f ec t  of the atmospheric transport  of heat  on the  temperature 

climate, computed from the rad ia t ive  equilibrium model, would be a decrease 

I i n  the temperature gradients with la t i tude,  especial ly  the atmospheric 

temperature gradient. This e f f ec t  would be qui te  evident during the winter 

seasons a t  high l a t i t udes  during the polar night. When using the rad ia t ive  

equilibrium model, the  computed temperatures a r e  zero because there  is no 

s o l a r  input of energy. With heat  transport  i n to  these la t i tudes ,  the 

temperature w i l l  increase t o  between 5OoK and IOOOK, depending on the 

la t i tude .  In  the  case of the Sunnner seasons, the e f f ec t  of heat  t ransport  

w i l l  have hardly any e f f e c t  on the temperature gradient and w i l l  cause 

only a small lowering of the temperature magnitudes. The e f f ec t  produced 

by hea t  t ransport  f o r  the  Spring and Fa l l  seasons w i l l  be somewhat la rger  

than the Summer season. 
14 



SECTION 3 

ATMOSPHERIC CZRCUIATION ON MRS 

I n  Quarterly Progress Report No. 2, a two-level c i r cu la t ion  model 

was described and applied to  Mars. Mean zonal and meridional veloci tes ,  

and the pole-to-equator temperature difference were computed fo r  a 25 mb 

surface pressure model, i n  which the atmosphere is composed largely of 

nitrogen. The recent occul ta t ion experiment on Mariner IV (Kliore e t  a l ,  

1965) suggests t ha t  the Mart ian surface pressure is much lower than 25 

mb - - 5 mb. 

pressure model of 5 mb, i n  which the atmosphere is assumed t o  be 100 

percent carbon dioxide. I n  t he  model, the in t e rna l  f r i c t i o n  is re lated 

t o  the value of the pressure, and, hence, one can expect the ve loc i t i e s  

t o  change as the  value of the surface pressure is varied. 

Therefore, the calculations were repeated f o r  a surface 

The new assumed 

b composition changes the value of the gas constant, which a l so  a f f e c t s  the 

f i n a l  wind ve loc i t ies .  

pressure and composition, the value of the infrared absorp t iv i ty  of the 

atmosphere is changed to  reflect the r e su l t s  obtained i n  our s tudies  of 

the  seasonal climatology of Nars (see Quarter ly  Progress Report No. 2). 

These changes lead t o  a new set of values f o r  the mean zonal and meridional 

winds and the pole-to-equator temperature gradient  on Mars. 

the r e s u l t s  obtained is discussed below. 

I n  addi t ion t o  the changes i n  assumed surface 

A sample of 

15 



For a surface pressure of 5 mb, spec i f ic  heat a t  constant pressure 
6 2 - 2  -1 of 0.203 ca l  gm-' deg'l, gas constant o f  1.89 x 10 cm sec deg , 

infrared absorp t iv i ty  of 0.18, mean temperature of the atmosphere of 18S°K, 

radius of Mars of 3.4 x 10 8 
~ m ,  gravi ta t iona l  accelerat ion of Mars of 373 cm 

see - ', Coriol is  parameter of - 0 . 9 ~ 1 0 - ~ s e c - ~ ,  l a t e r a l  eddy v iscos i ty  of 10 10 

2 -1 cm see  

see ', we obtain the mean zonal and meridional wind ve loc i t i e s  a t  various 

leve ls  a s  shown i n  Figures 6 and 7. 

and coef f ic ien ts  of vertical eddy v iscos i ty  of 50 to  200 gm em'' 
- 

For the non-viscous cases, the mean zonal winds a t  l eve l  1, 3 ,are shown 1 
by s t r a i g h t  l i nes  i n  the extreme r igh t  i n  Figure 60 

mean zonal wind is simply 

In these cases, the 

3 R Tm 
U 1 - 8 a f o  ' 
- -  

where R i s  the gas constant, T 

the radius  of the planet,  and fo i s  the mean Coriolis parameter. It is 

seen t h a t  7 is  proportional t o  the gas constant, R. For 100 percent . 

C02 content,  R is about 1.89 x lo6 cm2 secm2 deg-l and is only about 2/3  

of the gas constant f o r  a i r  i n  the t e r r e s t r i a l  atmosphere. 

mean atmospheric temperature of the Martian atmosphere is about 180 IC, 

less than tha t  on Earth, the product of R and Tm w i l l  lead t o  a smaller 

wind ve loc i ty  than on Earth. However, ij 

the  rad ius  of the planet. 

the  Earth 's  radius,  the mean zonal w i n d s  on Mars a r e  s l i g h t l y  higher than 

on Earth. 

is the mean atmospheric temperature, a is  m 

1 

Since the 
0 

is  inversely proportional to  1 
Since the radius of Mars is  about one half  of 

If the l a t e r a l  eddy viscosi ty  i s  taken in to  account, the 

16 



.Figure 6. Mean wind v e l o c i t i t s  a t  d i f f  rent leve ls  for lateral eddy 
v iscos i ty  A of  10 c m 2  secmf and vertical  coef f ic ients  of  
eddy viscosity p u f  50.  100, and 200 gn cm" sec'l. 
and U3 are m a n  zonal winds a t  levels  1, 2 ,  and 3 ,  respec- 
t i v e l y ;  V 1 i s  the mean meridional wind at  l e v e l  1. 

UL7 U2' 

O l G A 9 7  - 2OF 

50 

VELOCITY (m sec-1) 
-1 -1 

sec (a) Case of  p = 50 gr.1 cni 
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estimated magnitude of the zonal wind velocity would be somewhat reduced, 

depending upon the magnitude of the l a t e r a l  eddy v i scos i ty  chosen. Based 

upon the empirical and theore t ica l  studies by Richardson and Oboukfiov (see 

Gandff, 

sca le  of motion of a system, the l a t e r a l  eddy viscosi ty ,  A, may be wr i t ten  

a s  

1955) on the r e l a t i o n  between the l a t e r a l  eddy v i scos i ty  and the 

A Z 10- 2 ,4/3 m2 sec-l . 
For the sca l e  of eddies of the general c i rcu la t ion  i n  the t e r r e s t r i a l  

atmosphere 

6 L Z 2 x l O  m 

2 -1 and, hence, A 2.5 x lo1' cm sec . This value was used by Adem (1962) 
10 2 -1 with some success. I f  A = 10 cm sec is used i n  our model t o  compute 

the wind ve loc i ty  i n  the Earth 's  atmosphere, the computed values a t  

l eve ls  1 and 3 a r e  

which a r e  i n  reasonable agreement with the observed values. Therefore, 

A lolo an2 sec-' is  probably a proper value f o r  the Earth 's  atmosphere. 

What i s  the  most probable value of A for  Mars? No one r e a l l y  knows. A 

reasonable estimate might be a value s imilar  t o  t ha t  i n  the Earth 's  

atmosphere - A = 10 cm sec '. Further j u s t i f i c a t i o n  f o r  a value 10 2 - 
of A IO1* cm2 sec-' f o r  Mars comes from a recent study (see Quarter ly  

Report No. 2) of the value of the large sca le  eddy d i f fus ion  coef f ic ien t  

t h a t  is required t o  t ransport  water vapor from the melting polar cap to  

the forming polar cap on Mars. 



As t o  the coefficient of vertical eddy viscosi ty ,  p, the average value 

The same value of p is  assumed i n  
- 

f o r  Earth i s  about 100 gm cmDf sec '. 
the calculat ion f o r  Mars' atmosphere, 

The computed meridional wind ve loc i t ies  f o r  Mars are on the  average 

about one order of magnitude higher than those of the Earth. 

magnitude of the meridional wind velocity is  almost inversely proportional 

to  surface pressure, the meridional wind ve loc i ty  on a planet having a 

small surface pressure w i l l  be larger.  It i s  highly probable t h a t  the 

high percentage of meridional cloud movements a t  low l a t i t udes  on Mars 

(Gifford, 1965; Tang, 1965) is  d i r ec t ly  associated with the r e l a t ive ly  

strong mean meridional wind veloci ty  and i nd i r ec t ly  with the low value of 

the  surface pressure on Mars. 

Since the 

The computed pole-to-equator temperature differences f o r  the  same 

parameters used f o r  computing the mean zonal wind a r e  shown i n  Table 1, 

These values produced by the symmetrical c i r cu la t ion  are grea te r  than 

those inferred from observations, which a r e  of the  order  of 25OC t o  3OoC. 

Since the symmetrical regime is not e f f i c i en t  i n  transporting hea t  from 

equator t o  pole, a symmetrical regime i s  no longer s t ab le  and a wave 

regime i s  bound to  develop f o r  the Ilartian equinoct ia l  seasons. 

regime, being more e f f i c i e n t  i n  transporting heat  from equator to  pole, 

is  ab le  t o  reduce the pole-to-equator temperature difference t o  the ob- 

served value of - 25OC t o  3OoC. 

The wave 
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TABLE 1 

THE CALCULATED POLE- TO- EQUATOR TEElPERATURE DIFFERENCES 3 

T AT THE MIDDLE OF THE MARTIAN ATMOSPHERE FOR ASSWED 

A - lo1' cm sec Pe' 2 -1 -1 -1 AM, p = 50, 100, and 200 gm cm sec . 

10 lo 

10 lo 

10 lo 

50 

100 

200 

53 

49 

44 
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SECTION 4 

INTERHEMISPHERIC TRANSPORT OF WATER VAPOR 
AND THE MARTIAN ICE CAPS 

Invest igat ion of the t ransport  of water vapor across Mars by large- 

sca le  atmospheric diffusion i s  being continued. This invest igat ion con- 

s is ts  of the development of diffusion models where, with prescribed 

sources (sublimating polar caps), s inks (forming polar caps), and large- 

sca le  diffusion coeff ic ients ,  l a t i t ud ina l  d i s t r ibu t ions  of water vapor 

as functions of t i m e  can be obtained. Thus, with the above prescribed 

conditions it is possible t o  measure the amount of water being trans- 

ported across the planet,  thereby determining the p l aus ib i l i t y  of the  

hypothesis t h a t  large-scale eddy diffusion of water vapor from the 

melting polar  cap t o  the forming polar cap can explain the formation 

of polar caps on Mars despi te  the low atmospheric water vapor content. 

Two models have been developed and a r e  described i n  Quarter ly  

Progress Reports 1 and 2. Both models include only the  source (subli- 

mating polar  cap) and not the  s ink  (forming polar cap). 

of these models, a polar i c e  cap, i n i t i a l l y  one centimeter thick and 

extending from 60°N l a t i t u d e  to  the pole, sublimates a t  a constant r a t e  

f o r  12 t e r r e s t r i a l  months. Sublimation occurs only along the perimeter 

of the cap, and thus the cap recedes toward the pole a t  the end of the  

twelfth month. The r e s u l t s  of t h i s  model a r e  values of water vapor 

I n  the second 
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abundance as a function of l a t i t ude  and time (time being measured from the 

start  of the sublimation process) f o r  d i f fe ren t  assumed large sca le  eddy 

diffusion coeff ic ients ,  R. We are currently attempting t o  analyze these 

r e s u l t s  i n  terms of the speed of southward propagagion along the Martian 

surface of a constant value, o r  i s o p l e t h ,  of water vapor abundance. These 

speeds of propagation, f o r  d i f f e ren t  isopleth values and values of K w i l l  

be compared to  the observed value of the southward speed of propagation 

(- 30 km/day) of the "wave of darkening." In  the l i t e r a t u r e ,  it has been 

suggested a number of times tha t  the wave of darkening is  a r e s u l t  of the 

re lease  and subsequent meridional transport  of the water vapor from the 

melting polar cap. With such comparisons, i t  should be possible to  obtain 

a value of K t h a t  leads t o  a southward propagation of water vapor tha t  

matches the  observed speed of the wave of darkening. Deduction of the 
I 

value of the large sca l e  eddy d i f fus ion  coef f ic ien t  on Mars has important 

implications f o r  s tud ies  of the general  c i r cu la t ion  and l a t i t u d i n a l  heat  

t r ans fe r  processes on Mars. 

I n  addi t ion t o  the work described above, attempts a r e  s t i l l  being 

made t o  develop a more rea l i s t ic  diffusion model i n  which the e f f ec t  of a 

s ink  f o r  water vapor a t  the opposite pole i s  included. 

25 



SECTION 5 

ADMINISTRATIVE NOTES 

The total  number of working hours available during the past quarter 

totaled 492 hours. The l i s t  below indicates the number of hours worked 

on the project by GCA s c i ent i f i c  personnel. 

D r .  George Ohring 41 

Dr. Wen Tang 284 

Dr.  Fred House 24 

Mr. Joseph Mariano 49 2 

Mr. Richard Harrison 179 
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